We have examined nutritional factors influencing conjugal transfer of the two nonsymbiotic large plasmids, pRmeGR4a and pRmeGR4b, of Rhizobium meliloti GR4. To monitor transfer, each plasmid was tagged with a different antibiotic resistance marker. Transfer of plasmid pRmeGR4b was dependent upon the presence of plasmid pRmeGR4a on the same donor cell. Transconjugants for pRmeGR4b were obtained at frequencies 5-to 10-fold higher than transconjugants carrying both plasmids, indicating that mobilization of pRmeGR4b by pRmeGR4a probably occurred in trans. Conjugal transfer of the tagged plasmids between R. meliloti strains was tested on minimal medium supplemented with single amino acids, nitrate, or ammonium as the single nitrogen source. A higher number of transconjugants was obtained when glutamate was the only nitrogen source, whereas conjugation was virtually undetectable on ammonium. No relationship was found between donor or recipient growth rate and plasmid transfer rate on a given nitrogen source. Furthermore, in media containing both glutamate and ammonium as nitrogen sources, transfer was reduced almost 100-fold compared with that in media containing glutamate alone. Inhibition was readily detected at 2.5 mM or higher concentrations of either ammonium chloride or ammonium sulfate and appeared to be specific for exogenously supplied ammonium. Inhibition of conjugal transfer between R. meliloti strains by ammonium was only observed for rhizobial plasmids, not for a heterologous plasmid such as RP4. Apparently, ammonium did not affect the plasmid-encoded transfer machinery, as it had no influence on rhizobial plasmid transfer from R. meliloti to Agrobacterium tumefaciens. The effect of ammonium seemed to take place on R. meliloti recipient cells, thereby reducing the efficiency of plasmid conjugation, probably by affecting mating pair formation or stabilization.
Rhizobium strains are gram-negative soil bacteria which induce nodules on the roots of leguminous plants. Rhizobial genes required for symbiotic association are usually located on one or more large plasmids, so-called symbiotic plasmids (pSyms). For example, Rhizobium meliloti, which establishes nitrogenfixing symbioses with plants of the genera Medicago, Melilotus, and Trigonella, carries two megaplasmids involved in effective nodulation. The first megaplasmid, pSym1, carries genes for nodulation, host specificity, and nitrogen fixation, while the second one carries genes required for extracellular polysaccharide production (24) . In addition to the pSyms, many rhizobial strains harbor other plasmids, generally considered cryptic plasmids, which vary in number and size. A relationship between the presence of cryptic plasmids and symbiotic performance has been established (2, 21, 32, (35) (36) (37) . In some cases, copies of symbiotic genes (3, 14, 26) or genes coordinately expressed during symbiosis (29) have been detected in cryptic plasmids. Only in a few cases have these genes been characterized and shown to confer the symbiotic phenotype originally assigned to the cryptic plasmid (30, 34) .
Rhizobial plasmids are frequently self-transmissible between rhizobia and other nonrhizobial species, although transfer under field conditions has never been shown (6, 8, 13, 15, 17, 24, 25) . There is evidence that transfer of pSyms occurs in the environment; e.g., the same pSyms are found in strains exhibiting different genetic backgrounds, and vice versa, genetically related strains harbor different pSyms (31, 38) . The failure to detect rhizobial plasmid transfer in the environment may be due to several factors, such as low numbers of potential recipients in soil and the method of selection and isolation of putative transconjugants, which is often based on the ability of transconjugants to nodulate a specific legume host. This presents several constraints: e.g., transconjugants must compete with the rest of the nodulating population for nodulation sites on plant roots in order to form nodules from which they can be isolated. In the case of putative nonrhizobial recipients, symbiosis-related genes may not be properly expressed, making difficult their isolation by the plant selection method. There is a complete lack of knowledge about the genetic and environmental factors influencing rhizobial plasmid transfer.
Naturally occurring gene transfer is a risk factor to be considered when genetically altered bacterial strains are released into the environment (e.g., biofertilizer Rhizobium strains with improved symbiotic performance). This is particularly important when the organism to be released carries mobilizable or self-transmissible plasmids. Plasmids are usually considered efficient vehicles for gene transfer, thereby increasing the biochemical versatility of a population. A plasmid initially present in a minority of the bacterial population may spread rapidly in the presence of the appropriate selective pressure (11) . In the case of rhizobial pSyms, most of the information they carry can be considered cryptic, since only a small portion of these plasmids is devoted to symbiotic functions. Rhizobial plasmids are generally rather stable under laboratory conditions, in the absence of the plant host, where no selective pressure is known to exist. Therefore, it seems reasonable to think that these plas-mids carry additional genetic information important at any stage of the bacterial life cycle. In fact, in the case of R. meliloti, no strains cured of both pSyms have been obtained, suggesting that these plasmids may encode functions essential for normal growth.
Strain GR4 of R. meliloti carries, besides the two pSyms, two additional large plasmids, pRmeGR4b (140 MDa) and pRme GR4a (115 MDa) (36) . nfe genes, involved in nodulation competitiveness (29, 34) , as well as mepA, required for melanin production (18) , have been characterized in pRmeGR4b. No function is known for pRmeGR4a, whose minimal replication region (oriV repA) has been cloned and sequenced (17, 19) . pRmeGR4a has been shown to be self-transmissible by conjugation to other rhizobial species and Agrobacterium strains and capable of mobilizing pRmeGR4b at low frequency. Mobilization was speculated to occur by cointegrate formation, due to recombination events between homologous regions shared by these two plasmids (17) ; the mechanism remained unclear, however, because of the unavailability of markers on both plasmids.
In this report, we show that mobilization of pRmeGR4b by pRmeGR4a takes place at a much higher frequency than previously reported and that the mobilization mechanism probably does not involve cointegrate formation between these plasmids. We have investigated nutritional factors influencing plasmid transfer and show that the nitrogen source may greatly affect the efficiency of conjugation of these two rhizobial plasmids. Ammonium is shown to specifically inhibit pRmeGR4a and, therefore, also pRmeGR4b conjugal transfer between R. meliloti strains.
MATERIALS AND METHODS
Bacterial strains and growth conditions. Bacterial strains and plasmids used in this study are listed in Table 1 . Rhizobium and Agrobacterium strains were routinely grown on TY (tryptone-yeast extract-calcium chloride) medium at 30ЊC. Escherichia coli strains were grown on LB medium at 37ЊC. For mating and growth curves, minimal medium (MM [27] ) with mannitol (1%) as the carbon source and sodium glutamate (0.1%) as the nitrogen source was used. When required, amino acids, potassium nitrate, ammonium chloride, or ammonium sulfate was added from filter-sterilized stock solutions to nitrogen-free MM or to glutamate-MM. Antibiotics were used at the following concentrations: streptomycin (Sm), 200 g/ml; spectinomycin (Sp), 200 g/ml; kanamycin (Km), 180 g/ml; tetracycline (Tc), 10 g/ml; rifampin (Rif), 20 g/ml. Growth kinetics studies of R. meliloti donor and recipient strains on TY medium or MM supplemented with single nitrogen sources were performed by diluting an exponentially grown TY culture into each medium to a final density of 10 5 cells per ml. Growth was monitored by determining the optical density at 600 nm on a Pharmacia-LKB Novaspec II spectrophotometer.
Plasmid tagging for transfer detection. To allow detection of conjugative transfer, suitable markers were introduced into pRmeGR4a and pRmeGR4b. The kanamycin resistance cassette from pHP45⍀ (23) was introduced by gene replacement into the mepA gene (melanin production) of pRmeGR4b of strain GRM10 (18) , thereby inactivating tyrosinase activity to give strain GRM10K. The introduction of a lucOR-Sm/Sp cassette into plasmid pRmeGR4a was carried out with a two-step strategy. First, a mini-Tn5 lucOR-Sm r /Sp r cassette from plasmid pTCR110 (5) was randomly introduced by conjugation into strain GRM6, selecting for resistance to streptomycin and spectinomycin. The transconjugants were then used en masse as donors in mating with strain GRM10K. Transfer of resistance to streptomycin and spectinomycin to strain GRM10K occurs at a detectable frequency if the mini-Tn5 cassette has inserted into plasmid pRme GR4a, but only if the insertion did not affect functions required for conjugative transfer of this plasmid. The resulting strain GR4KL is Mel Ϫ (unable to produce melanin) but otherwise identical to the wild-type GR4, except for the markers introduced. All genetic manipulations were confirmed by Southern hybridization. Both antibiotic resistance markers are readily expressed in R. meliloti as well as in Agrobacterium tumefaciens.
Mating procedures. Bacterial crosses were performed by the filter mating method. Liquid cultures were grown to early exponential phase for donor cells (optical density at 600 nm ϭ 0.1 to 0.2) and late exponential phase for recipient cells. Donor and recipient were mixed in an Eppendorf tube in a ratio of 1:1. The mating mixture was concentrated by a 3-min centrifugation followed by a wash in 1 ml of nitrogen-free MM. Cells were finally suspended in 50 l of the same medium and loaded onto a Millipore filter (pore size, 0.2 m). Filter mating mixtures were placed on TY or MM agar plates. After overnight incubation at 30ЊC, cells were resuspended by vigorous vortexing and diluted on TY. Transconjugants were selected on TY agar plates supplemented with the required antibiotics. Transfer frequencies were calculated as the number of transconjugants per recipient. To determine appearance of spontaneous antibiotic resistance in either the donor or recipient strains, parallel controls consisting of filters containing the donor or the recipient strain alone were used. GR4KL and GRM8SR spontaneous resistance to rifampin or spectinomycin, respectively, occurred at frequencies of 10 Ϫ7 or lower. GRM8SR resistance to spectinomycin and kanamycin was not observed. For conjugation kinetics, a mating mixture was prepared as described above and aliquots were spotted onto several filters placed on each of the conjugation media tested. At each time point (3, 6, 12, 24, 36 , and 48 h), cells from one filter of each medium plate were resuspended, diluted, and plated on appropriate selective TY plates. To calculate transfer frequencies, the numbers of donor, recipient, and transconjugant cells were counted at each time point.
RESULTS

High-frequency mobilization of pRmeGR4b by pRmeGR4a.
We have previously reported that plasmid pRmeGR4a is selfconjugative to Rhizobium and Agrobacterium species at variable frequencies (17) . Low-frequency cotransfer of pRmeGR4b in the presence of pRmeGR4a was also observed, and it was suggested that cotransfer could take place by cointegration-excision mechanisms involving homologous recombination between the plasmids. However, because of the unavailability of appropriate markers, it was unclear whether mobilization could take place at a higher frequency. The construction of strain GR4KL, with a different marker in each of these two plasmids, a lucORSm/Sp cassette on pRmeGR4a and a kanamycin resistance gene on pRmeGR4b, provides a means to select for transfer of each plasmid independently. With strain GRM10K as a donor, no detectable transfer of pRmeGR4b to strain GRM8SR was observed. With strain GR4KL as a donor, GRM8SR transcon- Table 2 ). Transconjugants for plasmid pRmeGR4a occurred at frequencies 5-to 10-fold higher than transconjugants for plasmid pRme GR4b. Recipients that had received both plasmids appeared at frequencies 5-to 10-fold lower than for pRmeGR4b alone ( Table 2) . A correlation between appearance of antibiotic resistance and the presence of the corresponding plasmid in the transconjugants was confirmed by visualizing plasmid profiles on Eckhardt's agarose gels (17; data not shown). These data corroborate our previous finding that plasmid pRmeGR4b is not self-transmissible at detectable frequencies, but in contrast to previous reports, pRmeGR4b can be mobilized by the accompanying plasmid pRmeGR4a at a relatively high frequency. Since transconjugants receiving only pRmeGR4b can be obtained, mobilization probably does not involve cointegrate formation between the plasmids, as had been previously suspected because of the extensive DNA homology displayed by these two plasmids (17) . On the other hand, it was noticeable that transfer frequencies were slightly higher for crosses on glutamate-MM than for those on rich TY medium. Conjugal transfer on different nitrogen sources. The observation that plasmid transfer rates were higher on glutamate-MM than on rich medium TY led us to assay conjugation between GR4KL and GRM8SR on 20 single amino acids, ammonium, or nitrate as the single nitrogen source. We found that transfer frequencies on ammonium or positively charged amino acids were several orders of magnitude lower than those on glutamate or nonpolar amino acids. Intermediate frequencies were obtained with other amino acids or nitrate (Table 3) . Conjugation is known to require metabolically active donor and recipient cells; therefore, the efficiency of this process may depend on their nutritional requirements. To ascertain a possible relationship between plasmid transfer and donor or recipient growth rates, growth curves of both GR4KL and GRM8SR on TY or MM supplemented with representative amino acids or ammonium as single nitrogen source were obtained. We found no relationship between growth rates of the donor or recipient strains ( Fig. 1 ) and conjugation frequencies (Table 3) on the various nitrogen sources tested. For example, both strains grew well on lysine or ammonium, but plasmid conjugal transfer on either nitrogen source was almost undetectable. In contrast, growth on methionine as the only nitrogen source was very poor, whereas plasmid transfer was observed at intermediate frequencies. In spite of the fact that ammonia was a good nitrogen source for both donor and recipient, conjugation was virtually undetectable on this nitrogen source at any concentration tested (0.1 to 20 mM [not shown]), whereas relatively high conjugation frequencies were observed with different concentrations of potassium nitrate as the only nitrogen source (not shown). This was somewhat surprising since aerobic metabolism of nitrate gives rise to intracellular ammonium, which is rapidly incorporated into amino acids. We further investigated this phenomenon and found that in MM containing both glutamate and ammonia as the nitrogen source transfer frequencies were significantly reduced compared with those in glutamate-MM. This inhibition was readily observed when 2.5 mM or higher concentrations of either ammonium chloride or ammonium sulfate were supplied to MM containing 0.1% glutamate (Table 4) . No inhibition of plasmid transfer was observed when conjugation took place on glutamate-MM supplemented with nitrate or methylamine. The latter is ionically analogous to ammonium but cannot be metabolized by the cells. In view of these results, we determined the kinetics of conjugation between GR4KL and GRM8SR on TY and glutamate-, ammonium-, or glutamate-plus-ammonium-MM. Figure 2 shows that, except for ammonium-MM, on which virtually no transconjugants were detected over a period of 48 h, conjugal transfer of plasmid pRmeGR4a between GR4KL and GRM8SR exhibited logarithmic kinetics. The number of transconjugants increased exponentially between 3 and 12 h to reach a plateau after 24 h. The number of transconjugants after 6 h was almost 1 log higher on glutamate-MM than on TY, although these values became closer after 12 h of conjugation. On MM supplemented with glutamate plus ammonium, the kinetics of conjugation was also logarithmic, but transfer efficiencies were 1 to 2 logs lower than on glutamate-MM at all time points. This result suggests that ammonium inhibition of pRmeGR4a transfer is due to a reduction of the conjugation efficiency rather than to a slower speed of conjugation. In this experiment, one set of mating filters initially incubated on glutamate-MM was transferred to ammonium-MM at different times (after 3, 6, or 12 h of incubation on glutamate-MM) and further incubated for up to 24 h. The transfer efficiencies observed in these cases are shown by asterisks on Fig. 2 and indicate that inhibition by ammonium was rather rapid, since the number of transconjugants detected after 24 h was almost the same as if the mating had been interrupted at the time of transfer to ammonium-MM.
Effect of ammonium on transfer of a nonrhizobial plasmid. We investigated whether ammonium could also interfere with the transfer of nonrhizobial plasmids. The broad-host-range plasmid RP4 was transferred from E. coli into strain GR4KL, and the resulting strain was mated with strain GRM8SR as the recipient. As shown in Table 5 , transfer of plasmid RP4 from strain GR4KL to strain GRM8SR was not affected by the presence of ammonium in the conjugation medium, regardless of the presence of other nitrogen sources. Unexpectedly, transfer of plasmid RP4 seemed to interfere with transfer of the rhizobial plasmids pRmeGR4a and pRmeGR4b.
Influence of ammonium on rhizobial plasmid transfer to Agrobacterium strains. We investigated whether conjugal transfer of the rhizobial plasmids to a nonrhizobial strain was also affected by ammonium. When GR4KL was mated with strain GMI9023 of A. tumefaciens as the recipient, transfer of the tagged rhizobial plasmids was not inhibited by the presence of ammonium in the conjugation medium ( Table 5 ), indicating that the conjugative machinery for pRmeGR4a transfer from GR4KL is not affected by the presence of ammonium in the conjugation medium.
DISCUSSION
It has been known for years that many rhizobial plasmids are self-transmissible to other rhizobia as well as to nonrhizobial species. In other cases, Rhizobium plasmids have been mobilized after introduction of an appropriate oriT (mob) DNA region which can be recognized by a heterologous helper plasmid (e.g., RP4). In this report, we show high-frequency mobilization of a rhizobial plasmid, pRmeGR4b, by another rhizobial plasmid, pRmeGR4a. Mobilization probably occurred in trans, since transfer of pRmeGR4b alone occurred at frequencies 5-to 10-fold higher than cotransfer of both plasmids. This result indicates that pRmeGR4b contains an oriT region which can be recognized by the conjugative machinery of pRmeGR4a. Alternatively, pRmeGR4b might encode (some or all of) its own DNA processing functions but require pRmeGR4a to supply other essential functions. Under all conditions tested, pRme GR4b transfer rates were always proportionally lower than those of pRmeGR4a, indicating that in all cases conjugal transfer of pRmeGR4b depended on one or several functions supplied by pRmeGR4a. Low-frequency cotransfer of pRmeGR4b in the presence of pRmeGR4a had been previously observed (17) . We were able to detect a much higher frequency of mobilization thanks to the introduction of independent markers into FIG. 2. Kinetics of plasmid pRmeGR4a conjugal transfer on different media. The donor strain was GR4KL and the recipient strain was GRM8SR. Mating filters were incubated on TY (E), glutamate-MM (F), glutamate plus ammonium-MM (å), or ammonium-MM (s). Asterisks indicate the plasmid transfer frequencies after 24 h obtained from mating filters that were initially incubated on glutamate-MM for 3, 6, or 12 h and transferred to ammonium-MM at these times. each plasmid, allowing selection for either plasmid. It is possible that mobilization events like that reported here take place in other rhizobial plasmids, events which may have been unnoticed due to the absence of multiple markers. The observation that plasmid transfer took place more rapidly and at higher frequency on minimal medium than on rich medium indicated that nutritional factors, rather than bacterial metabolic fitness (measured as growth rate), were affecting the rate of transfer. This was further confirmed by the demonstration that plasmid conjugal transfer between R. meliloti strains was virtually undetectable on nitrogen sources that promoted good growth of both donor and recipient (e.g., ammonium or lysine). Moreover, inhibition of rhizobial plasmid transfer from strain GR4KL to strain GRM8SR, but not to A. tumefaciens GMI9023, by ammonium was demonstrated. This suggests that the effect of ammonium on plasmid conjugation depended on the recipient strain rather than on the donor cell or expression of the plasmid-encoded conjugative machinery. Transfer of plasmid RP4 between the same strains of R. meliloti was not affected by ammonium. It was surprising that in the presence of RP4 transfer of both pRmeGR4a and pRmeGR4b was strongly reduced. This inhibition of rhizobial plasmid transfer by RP4 may be related to the phenomenon called fertility inhibition, by which some plasmids block the transfer of other plasmids present in the same strain. Fertility inhibition of IncW plasmids by RP4 has been previously reported (10) .
These results indicate that in the presence of ammonium there was some modification on the recipient cells which led to a reduction of the efficiency of conjugal transfer of the rhizobial plasmids but not of RP4. What is affected in what otherwise would be a proficient recipient cell and how does ammonium exert its inhibitory effect?
It is difficult to provide an explanation as to what is modified on the recipient cell in the presence of ammonium such that plasmid transfer efficiency is reduced. Plasmid stability is not decreased in GRM8SR transconjugants growing on ammonium (data not shown); therefore, the modification is likely to affect some step of conjugation before plasmid DNA is transferred into the recipient cell.
Bacterial conjugation as mediated by conjugative plasmids in gram-negative bacteria is thought to involve five steps: (i) recipient cell recognition by the donor cell; (ii) pilus retraction and contact between donor and recipient cells; (iii) mating, aggregate formation, and stabilization; (iv) DNA transfer and establishment in both cells; (v) dissociation of the mating cells. Since pRmeGR4a transfer from GR4KL to A. tumefaciens GMI9023 is not affected by ammonium, it can be ruled out that pilus formation or DNA processing and transfer from the donor cell are affected. Inhibition of transfer to R. meliloti by ammonium may affect mating pair formation or stabilization due to modifications on the cell surface of the Rhizobium recipient cell. Little is known about DNA translocation across the membranes of the recipient cell during conjugation. Two classes of E. coli mutants defective in envelope functions are known to be defective as recipients in conjugation. Studies of Con Ϫ mutants, defective in conjugation, have revealed the outer membrane protein OmpA and the core lipopolysaccharide (LPS) to be important components of the recipient cell. Alteration of LPS or OmpA prevents the formation of stable mating pair formation (1, 7). It may therefore be possible that in the presence of ammonia a component of the R. meliloti recipient cell surface important for mating pair formation and/or stabilization is modified, thus preventing or reducing rhizobial plasmid transfer. It should be noted that ammonia inhibition of plasmid conjugation was rather rapid when crosses were transferred from glutamate-MM to ammonium-MM (Fig.   2 ), indicating that most of the mating pairs already formed did not progress any further, perhaps because of destabilization induced after the switch to ammonium-MM, or that no new mating pairs were formed thereafter. Whatever the component altered on the R. meliloti recipient cell, it could be important for cell survival, since no GRM8SR mutants able to serve as proficient recipients on ammonium have been obtained despite extensive attempts carried out in our laboratory.
On the other hand, we have no clear explanation of the mechanism by which ammonium leads to decreased efficiency of plasmid transfer. Ammonium itself might affect some general function or component of the cell surface, such as the membrane electrochemical potential, by influencing the intracellular or the periplasmic space pH, which could lead to unstable mating pair formation. If this were the case, the effect would be specific for rhizobial plasmid transfer, since ammonium does not affect transfer of plasmid RP4 between R. meliloti strains. In addition, such an effect of ammonium would not take place on the A. tumefaciens recipient cells, since rhizobial plasmid transfer to this strain was not negatively affected by ammonium. Another possibility is that ammonium affects the synthesis or correct assembly of a specific component of the R. meliloti recipient cell surface required for efficient rhizobial plasmid conjugation. Experiments with nitrogen regulatory mutants (ntrA and ntrC strains) as plasmid recipients have shown that these mutants behave similarly to the wild-type strain with respect to conjugation on ammonium (data not shown). Alternatively, a product of ammonium metabolism could be responsible for the effects observed on rhizobial plasmid transfer. In R. meliloti ammonium is assimilated via the glutamine synthetase-glutamate synthase (GS/GOGAT) pathway. Although a glutamate dehydrogenase activity is present, it is not used to assimilate ammonium. Mutants lacking GOGAT activity are unable to grow on ammonium, in spite of retaining considerable glutamate dehydrogenase activity, and maximum GOGAT and glutamate dehydrogenase activities are observed in media containing both glutamate and ammonium (16, 20) . However, nitrate did not have a negative influence on rhizobial plasmid transfer. Nitrate is assimilated via nitrate reductase coupled to the GS/GOGAT pathway. In fact, Glt Ϫ mutants of R. meliloti are unable to assimilate nitrate. It is therefore unlikely that a product of ammonium metabolism would be responsible for inhibiting rhizobial plasmid transfer. How ammonium may be inhibiting plasmid conjugation is puzzling, and a satisfactory explanation cannot be reached with the data available.
It is possible that the changes induced by ammonium on strain GRM8SR that cause this strain to become a nonproficient plasmid recipient are present constitutively in other strains. This could explain the different rates of plasmid transfer obtained when other R. meliloti strains are used as recipients (17) . For example, pRmeGR4a transfer rates to strain 2011 of R. meliloti, which carries no plasmids besides the pSyms, are several logs lower than those to strain GRM8SR, either on TY or glutamate-MM (data not shown). Results with these strains should be distinguished from those with recipients in which transfer rates may be low due to plasmid incompatibility events (17) . The former possibility could further explain why gene transfer is difficult to detect in soils in which rhizobial populations are relatively high. Besides soil chemical and physical properties, gene transfer mediated by conjugation in soil may be conditioned by the nutritional and metabolic status of potential recipients. Our results clearly show that plasmid transfer to a proficient recipient strain, such as GRM8SR, is conditioned by nutritional elements which do not greatly affect the growth fitness of the donor or the recipient cell. In this sense, VOL. 62, 1996 PLASMID CONJUGATION IN R. MELILOTI 1149 on July 7, 2017 by guest http://aem.asm.org/ it may be difficult to assess the optimal conditions for conjugal transfer, since there may exist a great variation of transfer rates depending on the presence of single abiotic or biotic factors (in this case, the nitrogen source). Accordingly, not all individuals of a given bacterial population may have to be considered potential recipients under a given condition. Studies being carried out in our laboratory with individual isolates of several soil rhizobial populations are demonstrating that only a small portion of each population is able to serve as recipients in gene transfer experiments under putative ''optimal'' laboratory conditions. Nevertheless, plasmid transfer between rhizobia and nonrhizobial species is likely to occur under natural conditions (31, 38) . Studying the factors that affect transfer may help us to understand why rhizobial plasmid transfer has not been detected in experiments carried out in the open environment.
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